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Abstract 
Constitution 

This invention will provide an embossed sheet production method that will solve problems 
when the embossment is formed with urethane elastomer, so that an embossment with anti-slip 
properties, wear resistance, and a certain amount of flexibility will be obtained. Its characteristics 
are that stencil (7) is placed tightly on non-woven fabric (9), polyurethane elastomer (10), that 
contains thickener (A), is poured into stencil (7), and after squeegeeing it is heat hardened. 

Effects 

When thickener (A) is mixed into polyurethane elastomer (10), oozing out of stencil (7) 
and mold (14) and penetration into the non- woven fabric are controlled so that the color boundary 
between the embossment and the non-woven fabric will be distinct. The stencil can be removed 
sooner than when thickener (A) is not added, and stencil (7) can be used effectively by fast cycling 
of stencil (7). 



//insert// 



Key: 10 Polyurethane elastomer 
1 1 Squeegee tool 



Figure 7 
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14 Mold 

A Thickener 

Claims 

1 . Embossed sheet production method characterized in that a stencil is placed tightly on 
non- woven fabric, a polyurethane elastomer that contains a thickener is poured into the stencil, and 
after squeegeeing it is heat hardened. 

2. Embossed sheet production method characterized in that a polyurethane elastomer that 
contains a thickener is poured into a mold, and after squeegeeing it is tightly covered with 
non-woven fabric and is heat hardened. 

3. The embossed sheet production method described in Claim 1 or 2 characterized in that 
the aforementioned thickener is anhydrous silica. 

Detailed explanation of the invention 
[0001] 

Purpose of the invention 
Industrial field of application 

This invention relates to a production method for a sheet having anti-slip projections, as in 
the soles of athletic shoes. 

[0002] 

Background of the invention 

Recently, shoe soles have appeared, particularly in marathon or jogging shoes, that have a 
so-called multilayer structure wherein the bottom of the ground contact surface is formed with 
solid rubber or high-density sponge, and one or several layers of a sponge, such as EVA (ethylene 
vinyl acetate) that is lightweight and has excellent impact characteristics, are layered on that as the 
top layer. This serves the purpose of making the shoes lightweight and providing shock 
absorbency. However, solid rubber or high-density sponge, which are very hard, are used in them 
to improve the ground-gripping ability and wear resistance of the slip-preventing projections 
furnished on the bottom of the ground contact surface, so the disadvantage has been that there is 
naturally a limit to how light the shoes can become. 

[0003] 

Because of this, a heat hardening method of combining a polyurethane resin film on a 
non- woven fabric sheet and a liquid polyurethane compound before slip-preventing projections 
are made with a metal mold to bond them integrally has been proposed in Japanese Patent 



4 



Application No. Sho 63[1988]-140729 (Japanese Kokai Patent Application No. Hei 
l[1989]-3 10601). This has succeeded in the sense of making the shoe sole as thin as possible and 
the entire item light, to the extent that the slip-preventing projections do not wear way quickly and 
anti-slip ability is lost. 

[0004] 

The present inventors have already developed an embossed sheet production method that is 
characterized in that it uses screen printing to print an appropriate embossed pattern using ink 
made of thermosetting resin on a non- woven fabric sheet made of thermoplastic resin fibers. The 
non-woven fabric sheet is then held by upper and lower molds, with the embossed pattern 
corresponding to the recessed parts formed in one of the pair of upper and lower molds, and 
pressure and heat are applied to harden the ink constituting the embossed pattern, and also to form 
the non-woven sheet held in the flat part of the pair of molds into a solid film. 

[0005] 

However, with the former method, production of molds with recessed parts is* difficult, and 
the molds are furthermore used for long periods during the process, so that a large number of 
molds is required. When the mold is filled with a liquid polyurethane compound, an operation for 
removing the excess polyurethane compound called squeegeeing is required, and the problem will 
be that if this operation is not performed carefully, spots with insufficient removal will appear as if 
[part of] the design. 

[0006] 

In addition, if the mold surfaces are blemished, polyurethane compound in the blemish will 
harden and will appear as the design, so the molds must be handled carefully. In addition, with this 
method, heat hardening occurs from the top of the mold with the non-woven fabric sheet being 
used as a cover, so it is difficult for bubbles to escape from the polyurethane compound, and many 
defects can occur from the trail of air bubbles, which is a significant disadvantage. 

[0007] 

On the other hand, it is difficult to form a thick embossment with the latter method. There 
is also a trend in recent athletic shoes to apply a colored design even on the shoe soles, using the 
color contrast between the embossed and non-embossed portions. With the latter method, the ink 
may ooze into the non- woven fabric sheet, and there is the problem that the boundary of the 
embossment may not be distinct in terms of color. 
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[0008] 

Also, if the embossment is formed with a urethane elastomer, when poured two-component 
thermosetting polyurethanes are heat hardened, after viscosity decreases, viscosity then rises as 
shown in Figure 9. Thus with either of the methods, oozing from the mold and penetration into the 
non-woven fabric must be prevented at the viscosity reduction point (point (P) in the figure). In 
addition, there is the fact that the embossment should have certain properties, such as slip 
resistance, wear resistance, and a certain amount of flexibility, and a method that will provide such 
properties and will also simultaneously solve the aforementioned problems has not yet been 
developed. 

[0009] 

Technical items to attempt development 

The present invention was devised taking into consideration this background. It will 
attempt development of an embossed sheet production method wherein production of the sheet 
mold will be easy, where the color separation between the embossed portions and the other 
portions can be distinct, and furthermore, that allows high productivity and will enable an 
embossment with outstanding characteristics to be obtained, based on the principle of the 
aforementioned former method, so that a colored design can be applied to the shoe sole. 
[0010] 

Constitution of the invention 
Means for accomplishing the purpose 

The embossed sheet production method that is a first invention associated with this 
application is characterized in that a stencil is placed tightly on non-woven fabric, a polyurethane 
elastomer that contains a thickener is poured into the stencil, and after squeegeeing it is heat 
hardened. 

[0011] 

The embossed sheet production method that is a second invention associated with this 
application is characterized in that a polyurethane elastomer that contains a thickener is poured 
into a mold, and after squeegeeing it is tightly covered with non- woven fabric and is heat 
hardened. 

[0012] 

Finally, the embossed sheet production method that is a third invention associated with this 
application is characterized in that the aforementioned thickener is anhydrous silica. The 
aforementioned purpose will be accomplished with these inventions. 
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[0013] 

Operation of the invention 

With this invention, viscosity is increased by mixing a thickener into the polyurethane 
elastomer to help keep the polyurethane elastomer from oozing out. This also makes it possible to 
form a thick embossment, and fast demolding can also be realized. 

[0014] 

Application example 

This invention will be explained below based on the application example shown, using 
embossing of shoe sole (2) of athletic shoe (1) as the example. In this application example, a 
method is used wherein an embossed pattern is formed using a stencil, so the stencil production 
method will be explained briefly first. 

[0015] 

As an example, master mold (3) with the same shape as the embossed shape of shoe sole 

(2) is prepared as shown in Figure 2 (a), and it is thermally sprayed with a magnetic metal (4) such 
as iron or nickel. Resin (6) for molds is then poured between each of the embossment molds (5) of 
master mold (3) and hardened, and the front surface is planed off as shown in Figure 2 (b) to 
remove magnetic metal (4) adhering to the top surface of embossment molds (5) of master mold 

(3) . Finally, stencil (7) that has recessed part (7a), as shown in Figure 2 (c), is obtained by 
removing master mold (3). 

[0016] 

Such a stencil (7) will have metallic metal (4) furnished on the bottom surface in locations 
other than recessed part (7a), and this is to enable using magnetic force as a means to tightly adhere 
stencil (7) to the non- woven fabric. Of course, a method such as suction produced by a vacuum, or 
gluing or adhering the two can also be used to bring the non-woven fabric and stencil (7) tightly 
together. Also, instead of the aforementioned method for producing the stencil, a method that 
employs light-hardened resin can be used, or the recessed part could also be formed by some 
method such as etching, laser [cutting], punching, or pressing sheet metal or a resin sheet. In fact, 
today it is also possible to form recessed parts with level differences relatively inexpensively in 
sheet metal using etching techniques. 



7 



[0017] 

The method of this application example using such a stencil (7) will next be explained in 

steps. 

i) Setting the stencil and non-woven fabric 

First, as shown in Figures 3 and 4, a strong permanently magnetic part (8) is set up, 
non-woven fabric (9) is laid on it, and the aforementioned stencil (7) is placed on top of that. Thus 
non-woven fabric (9) will be held tightly against stencil (7) by the action of magnetic metal (4) in 
stencil (7) being pulled toward permanently magnetic part (8) by magnetic force. 

[0018] 

Permanently magnetic part (8) is used in this application example, but an electromagnet 
could also be used in its place, or stencil (7) could be completely constructed with a magnetic 
material, such as iron, or a permanent magnet could also be embedded in stencil (7). It would also 
be advantageous for the magnetic part to be in the form of an electromagnetic chuck that is widely 
used as the workpiece holding apparatus in plane grinder, and it could be arranged toward the base. 

[0019] 

Non-woven fabric (9) is the base that will support the embossments, and as an example, 
Ecsaine (registered trademark) made by Toray Inc. can be used. Here, the Ecsaine can be any color, 
such as yellow or orange, so a design produced by color contrast can be applied to the shoe sole by 
making the embossment black. 

[0020] 

ii) Pouring in the polyurethane elastomer 

After stencil (7) is set tightly against non-woven fabric (9), polyurethane elastomer (10) 
that contains thickener (A) is poured into recessed part (7a) as shown in Figure 5 (a). Polyurethane 
elastomer (10) is composed of a mixed solution of prepolymer and polyisocyanate, and will harden 
upon their being heated. This application example uses Pandex (registered trademark) which is the 
polyisocyanate, made by Dainippon Ink and Chemicals Inc., which is mixed into Nipporan 
(registered trademark) which is the prepolymer, made by Nippon Polyurethane Industry Co. Ltd. 
Here, a mixed solution of prepolymer and polyisocyanate that has been vacuum degassed is poured 
into recessed part (7a). 

[0021] 

Also, with this invention, the fact that polyurethane elastomer (1 0) contains a thickener (A) 
makes the constitution distinctive. A concrete example of such a thickener is AEROSIL 
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(registered trademark), which is produced and sold by Nippon Aerosil KK. This product was 
developed by the West German Degussa Co. and is anhydrous silica of the highest purity that can 
be obtained industrially (Si(>2 99.8%). It is composed of superfine particles 7 m|ii - 50 my, and is a 
harmless substance that has a high surface area and high dispersability. AEROSIL (registered 
trademark) functions as a thickener because it can provide with the addition of a small amount, the 
rheological characteristics required in processing liquid substances such as polyesters or epoxy 
resins by the crosslinking and coupling action of hydrogen in the silanol groups at the surface. 

[0022] 

In this connection, polyurethane elastomer (10) is thickened by adding thickener (A), 
which also provides thixotropic characteristics, and when the polyurethane elastomer is poured in 
and squeegeed, unhindered fluidity is demonstrated. At the same time, the adhered portions will 
solidify due to the thixotropic characteristics, so that penetration between stencil (7) and 
non-woven fabric (9) will be prevented. Thus the color boundary between the embossment and the 
non-woven fabric will be clear so that the contrast is distinct, and the design effects of the shoe sole 
can be increased. The adhered portions will also solidify for the time being by virtue of the 
addition of thickener (A), so that the stencil removal operation can be accomplished more quickly 
than when thickener (A) is not added, and stencil (7) can be used effectively by faster cycling of 
stencil (7). 

[0023] 

iii) Squeegee operation 

After polyurethane elastomer (10) is poured into recessed part (7a) of stencil (7), 
polyurethane elastomer (10) bulging above the top surface of recessed part (7a) is removed using 
squeegee tool (1 1), as shown in Figure 5 (b). Note that the squeegee operation here can be 
performed very roughly, since there is not the problem of its appearing as the design in areas other 
than the embossment portions, as in the aforementioned Kokai Patent Application No. 
Hei 1[1989]-310601. Here, the squeegeed surface of the embossment will not become the top 
surface, which was why squeegeeing had to be performed carefully, and the pattern contrast is 
produced by the difference in color between the Excein (registered trademark) and the 
embossments, so even if the squeegeeing is somewhat rough, it will not be noticeable. 

[0024] 

iv) Heat hardening 

After the squeegee operation is completed, stencil (7), non-woven fabric (9), and 
permanently-magnetic part (8) are put into oven (12) as a unit, as shown in Figure 5 (c), they are 
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heated there for 45 minutes at 120°C, and polyurethane elastomer (10) is hardened. After the 
stencil is removed in this state, as shown in Figure 6 (a), the elastomer is further heated in the oven 
for 600 minutes at 90°C, as shown in Figure 6 (b), for the purpose of stabilizing it. Upon cooling, 
shoe sole (2) with the desired embossments (13), as shown in Figure 6 (c), is completed. 

[0025] 

The above is the flow sequence for an embossing method using a stencil, but using 
polyurethane elastomer that contains a thickener to produce an embossed sheet is not limited to 
cases using a stencil, and the sequence will be the same for molding with a mold, as follows. 

[0026] 

In short, as shown in Figure 7, polyurethane elastomer (10) that contains thickener (A) is 
vacuum degassed and poured into mold (14). After it is squeegeed, it is heated and cured in that 
state in an oven for 5-15 minutes at 100°C. Next, non- woven fabric (9) is placed on the squeegeed 
surface as shown in Figure 8, presser plate (15) is further placed on top of that, the mold is 
tightened by pressing from above and below, and it is again heated in an oven for 30-40 minutes at 
120°C and hardened. After this, it is demolded, the elastomer is heated in an oven for 600 minutes 
at 90°C for the purpose of stabilizing it, and it is cooled to obtain shoe sole (2). 

[0027] 

In this connection, in such a method in the past, a sponge layer would have been placed 
between presser plate (15) and non- woven fabric (9) to regulate pressure so that polyurethane 
elastomer (10) would not ooze out when the mold is tightened. With this invention, however, 
polyurethane elastomer (10) contains thickener (A), oozing is thereby controlled, and the 
interposition of such a sponge will not be necessary. 

[0028] 

Effects of the invention 

With this invention, thickener (A) is mixed into polyurethane elastomer (10) so that oozing 
from stencil (7) and mold (14) and penetration into the non-woven fabric are controlled, and the 
adhered portion of polyurethane elastomer (10) also solidifies for the moment. The stencil can be 
removed more quickly than when thickener (A) is not added, and stencil (7) can be used 
effectively by fast cycling of stencil (7). 
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[0029] 

Penetration of polyurethane elastomer (10) between stencil (7) and non- woven fabric (9) 
and between pressing plate (15) and non-woven fabric (9) is also prevented by adding thickener 
(A). Thus the color boundary between the embossments and the non-woven fabric is clear, so that 
the contrast is distinct, and the intended effect of the shoe sole can be improved. 

[0030] 

In addition, by using stencil (7) the polyurethane elastomer can be suitably vacuum 
degassed after it is poured in and squeegeed, and the occurrence of defects due to air bubble trails 
in the embossments can be prevented. It can also be produced over a wide range of applications 
from a thin embossment to a thick embossment by changing the depth of recessed part (7a), and 
stencil (7) itself can be produced inexpensively and in large quantities. 

Brief explanation of the figures 

Figure 1 is an oblique view that shows an application example wherein a shoe sole 
produced with the embossed sheet production method of this invention is applied to an athletic 
shoe. 

Figure 2 is a longitudinal cross section showing the process steps for production of a stencil 
used when the embossed sheet production method of this invention is implemented. 

Figure 3 is an exploded oblique view that shows the aforementioned stencil, non-woven 
fabric, and permanent magnet stacked. 

Figure 4 is a longitudinal cross section of the same. 

Figure 5 is an explanatory diagram that shows the embossed sheet production method of 
this invent in steps, and comprises oblique views that show each of the following processes: 
pouring in polyurethane elastomer, squeegeeing, and primary heating. 

Figure 6 is an oblique view that shows, as above, the following processes: stencil removal 
and secondary heating, along with the completed shoe sole. 

Figure 7 is an explanatory diagram that shows another application example of the 
embossed sheet production method of this invention in steps, and comprises explanatory diagrams 
showing these processes: supplying thickener to the polyurethane elastomer, pouring into the mold, 
and squeegeeing. 

Figure 8 is an oblique view that shows, as above, the following processes: tightening the 
mold, demolding, and secondary heating. 

Figure 9 is a graph that shows changes in viscosity when a poured two-component 
thermosetting polyurethane is heat hardened. 
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Explanation of symbols 

(1) Athletic shoe 

(2) Shoe sole 

(3) Master mold 

(4) Magnetic metal 

(5) Embossment mold 

(6) Resin for mold 

(7) Stencil 

(7a) Recessed part 

(8) Permanently magnetic part 

(9) Non-woven fabric 

( 1 0) Polyurethane elastomer 

(11) Squeegee 

(12) Oven 

(13) Embossment 

(14) Mold 

(15) Pressing plate 
(A) Thickener 

(P) Viscosity reduction point 
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Key: 1 Athletic shoe 



Figure 1 
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Non-woven fabric 
Embossment 
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Figure 2 
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Figure 3 
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Figure 4 



Key: 4 Magnetic metal 

6 Resin for mold 

7a Recessed part 

8 Permanently magnetic part 

9 Non-woven fabric 
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Figure 5 
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Figure 6 



//insert// 



Figure 7 

Polyurethane elastomer 
Squeegee tool 
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Thickener 
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Figure 8 
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Key: 1 Viscosity 
2 Time 



Figure 9 



